ABSTRACT The association of bronchiectasis with chronic rhinosinusitis (CRS) has been reported. However, apart from primary ciliary dyskinesia (PCD) and cystic fibrosis (CF), predisposing conditions have not been established. We aimed to define clinical and laboratory features that differentiate patients with bronchiectasis with upper airway symptoms (UASs) and without PCD from patients without UASs.
Introduction
Several clinical entities that affect the lung airways involve the upper airway. Examples are the association of asthma and chronic rhinosinusitis (CRS) in patients with atopy [1] [2] [3] , and the involvement of the upper and lower airways in patients with cystic fibrosis (CF) and primary ciliary dyskinesia (PCD) [4] . In these entities, a common mechanism affects the upper and lower airways. In bronchiectasis, the involvement of the upper airway is well established [5] [6] [7] [8] . CRS was reported in 34-45% of patients with bronchiectasis in studies from China and Japan [7, 9] , and in 75% of European patients with bronchiectasis [8, 10] . Patients with CRS and bronchiectasis have also been found to experience more exacerbations than those without CRS [6] [7] [8] 11] . However, comparisons of lung function and bacterial colonisation between patients with and without upper airway involvement have shown contradictory findings [6] [7] [8] .
The mechanisms of upper airway involvement in bronchiectasis other than CF and PCD have not been well established. CRS was found to be more prevalent in idiopathic than in post-infectious bronchiectasis in one study [12] , suggesting that "idiopathic" but not "post-infectious" bronchiectasis results from diffuse inflammation that involves the upper and lower airways. An allergic tendency causing CRS and inflammation of the lower airway has also been suggested [1, 13] , although to the best of our knowledge this has not been established in bronchiectasis, excluding bronchiectasis associated with allergic bronchopulmonary aspergillosis (ABPA). Although the association of CRS with bronchiectasis is clear, the pathogenesis of this association is unknown: is CRS causing bronchiectasis, is bronchiectasis causing CRS or is a common mechanism predisposing to both?
The aim of this study was to explore differences between patients with bronchiectasis, with and without upper airway involvement. We hypothesised that allergic features are more prevalent among bronchiectasis patients with than without upper airway involvement.
Methods
Patients and setting Our study was conducted in an adult bronchiectasis referral clinic and the protocol was approved by the Helsinki committee at Carmel Medical Center, Haifa, Israel (CMC-60-14). Patients were evaluated for symptoms of CRS and patients' records were reviewed for sino-nasal disease. Aetiological workup done for all patients with bronchiectasis included a detailed history (age of onset, presence of sinusitis, rhinitis or nasal polyps, history of pneumonia, infertility or ectopic pregnancies, consanguinity or a family history of upper or lower airway disease, middle ear infections, or situs abnormalities). All patients had spirometry with reversibility testing, sputum microbiological testing, and were tested for immunoglobulins and total IgE. For a diagnosis of asthma, patients had to either have a documented obstructive spirometry with reversibility or a positive methacholine challenge. Patients with features suggestive of CF were referred for sweat testing, followed by additional tests if necessary [14] . Patients with features suggestive of PCD were screened with nasal nitric oxide and additional tests if low [4] .
Exacerbations were defined as episodes of worsening cough or dyspnoea that was treated with a course of antibiotics, as documented from the patients' electronic medical records and pharmacy records.
Radiological evaluation
Sinus and chest computed tomography (CT) scans were analysed by a radiologist (N.N.) blinded to the presence of upper airway symptoms (UASs). Chest CT scans were scored for bronchiectasis severity by the modified Reiff score [15] . Sinus involvement was scored using the Lund-Mackay system, with scores ranging from 0 to 24 [16] .
Definition of upper airway involvement CRS was diagnosed based on the criteria of the European Position Paper on Rhinosinusitis and Nasal Polyps (EP 3 OS) [17] , which require persistent symptoms, as well as CT findings typical of rhinosinusitis. A Lund-Mackay score ⩾4 was considered as positive for CRS, as previously suggested [18] . PCD was diagnosed according to clinical and laboratory criteria [4] . However, patients with a strong clinical suspicion of PCD (e.g. presence of dextrocardia), but not meeting laboratory criteria, were also excluded from the study. Age at onset of symptoms was determined from patient history. The date of bronchiectasis diagnosis was the date of the first CT scan detecting bronchiectasis.
Three analyses were done to differentiate between patients with and without upper airway involvement. 1) We differentiated patients with and without UASs based on reported symptoms only, regardless of the availability or findings in sinus CT. 2) We excluded patients with a discrepancy between UASs and sinus CT findings, using a Lund-Mackay score of 4 as the cut-off for upper airway involvement. Analyses with a Lund-Mackay cut-off of 6 and 10 were also performed. Patients without sinus CT scans were included in the second analysis according to the presence or absence of UASs. 3) We included only patients with sinus CT scans that were available for review. In this analysis, patients meeting both clinical and radiological criteria for the presence or absence of CRS were included. This analysis refers to patients for whom CRS was present or absent.
Laboratory and clinical findings
Immunoglobulins were taken during the initial assessment at the bronchiectasis clinic. Eosinophil counts were taken as the median of peripheral blood eosinophil counts during the past 3 years. Sputum cultures were considered positive for a pathogen if at least one culture was positive. Forced expiratory volume in 1 s (FEV1) was taken as the best value during the previous year and presented as the percentage of predicted.
Statistical analysis
Statistical analysis was performed using SPSS Statistics version 22 (IBM, Armonk, NY, USA). Continuous variables were compared between the groups using the Mann-Whitney test for nonnormal distribution. Categorical variables were compared using the Chi-squared test. p<0.05 was considered statistically significant. Correlation of the number of exacerbations with clinical and demographic characteristics was examined using the Pearson or Spearman correlation, as appropriate.
Results
214 adults with non-CF bronchiectasis from March 2014 to December 2015 were included. 12 patients met criteria for PCD and two others had clinical features strongly suggestive of PCD, but did not meet laboratory criteria. These 14 patients were given a diagnosis of probable PCD and were excluded from the study. Three other patients had incomplete clinical and laboratory data, and were also excluded. Therefore, 197 patients were included in the study. 70 patients (35%) had UASs and 127 (65%) did not have UASs. For 11 patients with UASs, sinus CT Lund-Mackay scores were ⩽3. Similarly, for 23 patients without UASs, sinus CT Lund-Mackay scores were ⩾4. These patients with a discrepancy between clinical and radiological findings were excluded from the second analysis. Finally, for 34 out of 70 with UASs and for 38 out of 127 without UASs, a sinus CT scan compatible with the presence and absence of CRS, respectively, was available for review, and they were included in the third analysis (figure 1).
Although the age at referral to the bronchiectasis clinic did not differ between the two groups, patients with UASs had a significantly younger median age of symptom onset (34±25 versus 46±24 years; p=0.001). Compared with patients without UASs, among those with UASs, post-infectious aetiology was significantly less common (12.9% versus 29.1%; p=0.01), the prevalence of asthma was higher (14 Due to the retrospective study design, we were concerned that classifying patients only on the basis of symptoms would either over-or underestimate upper airway involvement. To differentiate more precisely, without excluding the many patients without available sinus CT, we repeated the analysis after excluding patients with a discrepancy between symptoms and CT findings (Lund-Mackay score ⩽3 with UASs or ⩾4 without UASs). The results were similar except for the CT severity score (Reiff score) of bronchiectasis, which no longer showed a statistically significant difference (table 2) .
In a third analysis, which included only patients with sinus CT available for review, CRS was defined as the presence of both UASs and a Lund-Mackay score ⩾4. The absence of CRS was defined as both a lack of UASs and a Lund-Mackay score ⩽3. This analysis included 38 patients without CRS and 34 with CRS; the time from symptom onset to referral to the bronchiectasis service remained statistically significant. Total eosinophil count remained significantly higher in patients with than without CRS, with the difference more pronounced than in the former analyses (median eosinophil count 275 versus 175 μL −1 ; p=0.015). Other variables showed trends toward the same differences between patients with and without CRS as were found in the previous analyses, but without statistical significance (table 3) . Patients with UASs had higher rates of positive growth of Staphylococcus aureus and Haemophilus influenzae, and less Pseudomonas aeruginosa in airway secretions than patients without UASs, although differences did not reach statistical significance (table 4) .
In addition to the analysis based on a Lund-Mackay score cut-off of 4, we repeated the analyses using higher Lund-Mackay scores (⩽5 versus ⩾6 and ⩽9 versus ⩾10) to distinguish the presence or absence of CRS; similar differences were found between patients with the presence or absence of CRS. In this analysis, there was significantly less growth of P. aeruginosa among patients with CRS than without CRS when a Lund-Mackay score of 10 was taken as the cut-off (22.7% versus 51%; p=0.036).
A correlation between the number of exacerbations and clinical and laboratory parameters was examined using the Pearson or Spearman correlation, as appropriate. The Lund-Mackay score was the only parameter found to be significantly associated with the number of exacerbations, with a coefficient of 0.2 ( p=0.045). We analysed the correlation between the sinus CT Lund-Mackay score and exacerbations in the previous year. Patients with any abnormality on the sinus CT scan (Lund-Mackay score ⩾1) had a median (interquartile range) of 3 (0-12) exacerbations per year, while patients with no abnormality on the sinus CT scan had 2 (0-12) exacerbations per year ( p=0.033). Similar differences were also found when the Lund-Mackay score cut-off was set at 6 and 10 points. We next performed a Poisson regression analysis between the Lund-Mackay score and the number of exacerbations. Each point on the Lund-Mackay score was associated with a 1.03-fold increase in the number of exacerbations per year (95% CI 1.0-1.05; p=0.004).
Discussion
Our results indicate that in patients with upper airway involvement, symptoms start at an earlier age and that these patients had more allergic features, i.e. eosinophilia and elevated IgE. Asthma was more prevalent in patients with than without UASs (14.3% versus 5.5%; p=0.036), but not very common in either group. Despite the lack of significant differences in the severity of lung function and radiological bronchiectasis, patients with UASs had significantly more frequent exacerbations, although no differences were found in the rate of hospitalisations.
In the current cohort, the rate of UASs among patients with bronchiectasis (35%) was significantly lower than reported among European patients (75-80%) [8, 11, 12, 19] , but similar to a more recent Chinese cohort [7] and to an earlier Japanese study [9] . Both our cohort and previous studies [6, 7, 20] found a significantly higher prevalence of CRS among patients with bronchiectasis than the 2-5.5% prevalence reported in the general population [21, 22] . This may suggest either that CRS predisposes to the development of bronchiectasis or that a common mechanism, such as allergy, is responsible for the two clinical entities.
Our evaluation included routine immunoglobulins, including IgE for most patients. When allergic features, such as elevated IgE or eosinophils, were noted, patients were referred to skin testing and Aspergillus-specific IgE to detect ABPA. The low prevalence of ABPA in our cohort compared with previous published series [23] [24] [25] is notable and may reflect a lower prevalence in our geographical area.
Our cohort consisted of Israeli patients of heterogeneous ethnic and genetic backgrounds: Ashkenazi and Eastern Jews, Muslim and Christian Arabs, and Druze. The genetic composition of our population may affect the prevalence of allergic diathesis, and explain, in part, differences in UASs and CRS prevalence between our cohort and others. Another possible explanation for the differences in prevalence is our exclusion of patients with features consistent with PCD (14 out of 220 patients initially screened). Upper airway involvement is almost universal among patients with PCD [4, 26] ; thus, if patients with PCD were included in our cohort, the expected rate of UASs would be 40% (84 out of 211). Another explanation for differences between our study and others is that the retrospective design may have resulted in underreporting by patients of their UASs. Indeed, in our cohort, 23 out of 127 patients who did not have symptoms of upper airway involvement had a sinus CT that showed sino-nasal pathology (Lund-Mackay score ⩾4). This number decreased to six patients when a Lund-Mackay score of 10 was used as the cut-off for upper airway involvement.
In all three analyses described herein, the reported age at onset of bronchiectasis symptoms (mainly productive cough) was significantly younger among patients with UASs. As the UAS and non-UAS groups were of similar age, the UAS group had a longer duration of illness. Despite this finding, patients with UASs did not have worse lung function or greater radiological severity than those without UASs. However, patients with UASs had significantly more frequent exacerbations (median 3 versus 2) than did those without UASs, similar to previous reports [7, 11] . The contradiction between better lung function and radiological score, yet more frequent exacerbations among patients with UASs, may result from "upper airway exacerbations" driven by sino-nasal discharge and post-nasal drip. CRS is prevalent among children and adults; the mean age of onset was found to be ∼39 years of age [21, 22] . This is comparable to the age of symptom onset in our patients with UASs (median 34 years) and considerably lower than for those without UASs. Symptoms compatible with bronchiectasis ( productive cough, but also fatigue, exercise intolerance and dyspnoea) are difficult to differentiate from those of CRS. Therefore, determination of the order of onset of the pathologies is difficult, although it is more reasonable that CRS preceded the development of bronchiectasis.
The finding of similar lung function among patients with bronchiectasis and CRS contrasts with previous reports. In a Chinese cohort with a low (35%) prevalence of CRS among patients with bronchiectasis, patients with CRS had lower FEV1 and more prevalent colonisation with P. aeruginosa [7] . Conversely, and similar to our findings, GUILEMANY et al. [11] found a high prevalence of CRS, yet did not find differences in either lung function or P. aeruginosa colonisation among patients with bronchiectasis, with or without CRS. Regional differences in P. aeruginosa exposure may possibly explain the differences in the findings.
In the current study, patients with UASs had a significantly higher eosinophil count in peripheral blood and a higher (not statistically significant) total IgE. These differences, which are compatible with an allergic tendency, were more pronounced in the analyses that were based on positive CT findings. Allergic features are well known in CRS [13, 17] and evidence of eosinophil activation (elevated eosinophil cationic protein) was found among 14 patients with bronchiectasis [27] . However, most evidence points to a neutrophilic, rather than eosinophilic, inflammation in bronchiectasis [28, 29] . This study did not allow determining whether allergic inflammation is involved in the pathogenesis of bronchiectasis, as well as CRS, in patients with both features.
Several limitations to our study are worth mentioning. First, due to the retrospective design, we were not able to assess UASs systematically, but relied on previous clinical findings. Furthermore, sinus CT scans were not available for review for a large proportion of our patients. Therefore, the true involvement of the upper airway among patients with bronchiectasis may have been under-or overestimated. However, to the best of our knowledge, this is the first study of bronchiectasis that excludes patients with PCD and thus focuses on mechanisms other than ciliary dysfunction. This is also the first study to assess age of onset, eosinophilia and immunoglobulins, demonstrating earlier age of onset and an allergic tendency of patients with CRS and bronchiectasis.
Our hypothesis for the association of upper airway involvement with bronchiectasis is that CRS associated with allergy leads to the development of bronchiectasis. The mechanism may be either: 1) migration of secretions from the upper airway to the lower airway resulting in abnormal mucus clearance from the lower airway, 2) bacterial inflammation from the upper airway infecting the lower airway or 3) an inflammatory response originating in the upper airway and expanding to involve the lower airway. Each of these processes could be "entry points" into the "vicious cycle" hypothesis of bronchiectasis [30] . Of course, more than one of these mechanisms may be responsible. More studies are needed to test whether this hypothesis is true.
In conclusion, the involvement of the upper airway in patients with bronchiectasis is associated with an early age of onset and allergic features. Despite similar sputum bacteriology and lung function, patients with upper airway involvement had significantly more frequent exacerbations. More studies are needed to determine whether CRS is the cause of bronchiectasis or whether a common (allergic) mechanism predisposes to both diseases.
